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Average multiplicities and pseudorapidity dis- 

tributions for 100 GeV/c p, K+, and n + -nucleus col- 

lisions are presented. The average multiplicities 

increase with nuclear thickness. The fractional 

increase is independent of incident particle spe- 

cies provided that nuclear thicknesses are calcula- 

ted in units of mean free path of the incident hadron. 

This scaling behavior suggests that the immediate 

product of a hadron-nucleon collision is a state sim- 

ilar to the incident hadron. 
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‘We have measured the average multiplicities, <">A, 

and the pseudorapidity distributions of chnrgcd, relativ- 

istic (B 2 0.85) secondaries produced in collisions between 

an ir.cident hadron (p, p, X+, n+, and n-1 and a target 

nucleus (atomic n~wber A) at 50, 100, and 200 GeV/c. This 

experiment was carried out in the M6 secondary beam at Fermi- 

lab, and a brief tl.:scription of the experiment and the proton- 

nucleus results wew prrsented in a previous publication. 1 

In this Letter, we cum:m.re the p, X 
+ 

, and II + data at 100 GeV/c. 

The average multiplicity results, <WA, are given in 

Table I. A measure of the amount of intra-nuclear multipli- 

cation is given by the ratio RA = ~n>~/a>,,, where <IS-~ is 

the average hydrogen multiplicity. Existing high-energy data2 

indicate that RA is independent of the incident particle type 

when the nuclear thickness is measured in terss of 5. The 

parameter G is the average number of inelastic collisions 

that the incident hadron h would undergo in traversing the 

nucleus assuming that all collisions are.governcd by the 

cross section of the incident hadron. It should be noted that 

for all collisions other than the first, the incident hadron 

h need not be involved, provided that it is replaced by a state 

with the same c.:oss section. The values of j shown in Table I 

are given by the formula Au hp/chA' where o hp(ohA) is the ab- 

sorption cross section of h on hydrogen (nucleus). 3 Thus G 

depends not only on the target nucleus A but also on the in- 

cident hadron h. 
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In contrast to earlier comparisons4, the data reported 

here permit a test of this apparent scaling of RA with ii free 

from the systematic difficulties involved in corrbining the 

data from ;-ever*1 experiments. Furthermore, previous to this 

experiment, no X+-nucleus multiplicity dota were available. 

Since our hydrogen multiplicities are obtained by a CH2-C 

subtraction, the uncertainties are relatively large. We have, 

therefore, chosen to use the multiplicities measured in a 

bubble'chamber experiment 5 . UI our determination of RA. These 

multiplicities, <nsch, are also given in Table I. Unlike the _ 

nuclear multiplicities measured in this exzriment, <II>~~ in- 

cludes nonrelativistic prongs. we calculate '">R using the 

formula a>g = <10~~-0.5.~ 

Figure l(a) is a plot of RA ver*us c. There is little 

or no incident particle dependence. The results can be fitted 

by RA = 0.47 + 0.61G with a chi-square of 13 for 10 degrees of 

freedom. For comparison, Figure l(b) shows that RA does not 

scale with the physical thickness of the target as measured by 

Al/3 . 

Our data are also inconsistent with the hypothesis that 

all collisions other than the first arc governed by the cross 

section of a pi>,n rather than that of the incident hadron. We 

plot RA against 0' in Figure l(c). The parameter G' is the 

average number of inelastic collisions that the incident ha- 

dron h would undergo in traversing the: nucleus, asswing that 

while the initial collision is governed by the cross section 
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of the incident hadron , all subsequent collisions are 

governed by the pion cross section. The values of c' are 

given by the formula v* = 1 + (? - l)'~,,~/o~~. 

The scaling of RA with 3 is compatible with a picture in 

which a beam-like state interacts successively with differ- 

ent nucleon6 within the nucleus. To investigate further 

this phenomenon, we examine the multiplicity ratio r(n) for 

different regions of pseudorrpidity rl = -En(tan(6/2)). As in 

the deternination of RA, the hydrogen values are derived from 

bubble chamber measurements. 7 Figure 2 shows r(n) as a func- 

tion of 0 interpolated to ii = 3. The scaling effect is seen 

to hold for individual regions of pseudorapidity. 

In smary, Our data are consistent with models in which 

the mUltipliCity increase is governed by the parameter G, in- 

dependent of the incident particle species. The parameter 

3 was derived using the assumption that after each collision 

in the nucleus, the produced state has a cross section equal 

to that of the incident particle. Therefore we conclude that 

the immediate product of a hadron-nucleon collision is a 

state similar to the incident hadron, 
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TAE.LE I: The average multiplicities of relativistic charged 

particles produced in 100 GeV/c hadron-,nucleus collisions for 

several values of G. The errors include all statistical and 

systematic uncertainties. The bubble chamber multiplicities 

<xl> ch of Reference 5 are also shown. 

u 1+ 
I(+ 

P 

*+ 
X+ 

P 

Hydrogen 
Bubble 

Chamber 

cu n+ 
X+ 

P 

Pb lr+ 
X+ 

P 

Target Projectile 

+ C II 
X+ 

P 

v 

1.27 f 0.02 
1.24 f: 0.02 
1.43 * 0.01 

2.01 f 0.04 
1.85 f 0.04 
2.41 f 0.02 

2.77 f 0.09 
2.47 2 0.09 
3.49 f 0.05 

2.67 _* 0.09 
2.55 f '3.10 
3.64 t 0.05 

1.0 
1.0 
1.0 

Average 
Multiplicity 

7.86 f 0.15 
6.92 f 0.33 
7.72 i 0.16 

10.29 f 0.26 
8.89 f 1.10 

11.00 + 0.32 

13.21 t 0.30 
12.92 + 0.79 
14.75 t 0.38 

14.57 f 0.39 
12.93 f 1.33 
15.94 * 0.50 

6.62 ? 0.07 
6.65 f 0.31 
6.37 i 0.06 



-7- 

- 

f 
ii 
2 
1 
3 .z 
i 
3 
& 
ii 
s 
Ei 
Ei 
:: 
Ud 
2’ E 
IS ! mu 
$3 
$2 
lz! 
-2 Z$ 

=c, 
ai;f 
G 



-8- 

I I 



I I 

7 i-0-l bo-4 

IDt 4 ’ m-4 

*@Q@* 
s 

I I 
’ rr” 

cu - 

1 
z 
ii 
3 
4 3 
: 
ii & 
J z 
z 
5 
: 
!. 
2: 
Ez .- 1-a i? mQ 
g$ 
t!z u 
2: 
-e iT$ =i 0 G;s 6, 



6C 

4c 
r(T) 

2C 

IC 

E 

E 

4 

2 

I 
0 I 2 3 4 

I I I I I 

-P 
.._. A . . . . K+ 

lT+ 

Fig. 2. The multiplicity ratio r(q). The errors shown include allsta 
statistical and systematic uncertainties. In the interest of clarity, 
errors on the as-induced data are not shown. They are comparable 
to the proton data. The region q > 4.2 is not shown because our data 
in this region have significant systematic uncertainties introduced by 

_ acceptance corrections ilti discussed in Ref. i. 


